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Methods 
Introduction Results Discussion 
Bumble bee colonies are organized into the 
reproductive queen and the non-reproductive female 
workers.
Female workers responsibilities are: foraging, 
collective protection of hive, feeding larvae.
Primary mode of defense is stinging which injects 
potent venom, creating a painful response.
Venom may also have other functions, such as 
antimicrobial properties. Recent research shows the 
venom of some bee species also has antimicrobial 
compounds.1
Hypothesis:
Bumble bee workers specializing in different 
behaviors may use their venom for different functions.
Prediction:
Variation in venom composition will correlate with 
variation in reproduction status and social 
environment.
We created three groups of age-matched workers:
1. Non-reproductive, in the nest
2. Non-reproductive, isolated from the nest
3. Reproductive, isolated from the nest
Obtained a hive of bumblebees (Bombus impatiens) 
from Koppert Biological Systems (Fig.1) and 
maintained hive at typical temperature and humidity 
(25-32oC) (25-28 rh).
Each day checked and removed newly emerged 
workers from the hive in sets of 4. Marked each pair 
with a unique paint mark (Fig.2).
Reared a pair of newly emerged workers in separate 
petri dishes (150X15mm dishes)
Other pair was returned to hive (Fig.3).
Fed separated workers with 2 mL of 50% sugar water 
solution and approximately 3 grams of pollen.
Fed hive with pollen ball (pollen granules mixed with 
50% sugar water solution).
After 8 days, both experimental pair (petri dish) and 
control (hive) pair of bees were frozen, then  venom 
was extracted and measured longest terminal 
oocytes in each ovary (Fig.6-8).
Used statistical analyses to determine reproductive 
status. Oocyte length was square-root transformed to 
meet the assumptions of parametric statistics. Thorax 
width did not differ from normality.
Body size, as measured by thorax width, was not statistically significant between the three 
groups (groups 1,2,3) of age-matched bees reared in nest or outside of nest (anova - F = 0.64, 
p = 0.54, n = 33).
Ovary development measures showed that, among pairs of bees isolated from the nest, one 
female became reproductively dominant and the other bee was reproductively subordinate. 
There was statistical significance in the difference in average length of the terminal oocytes 
between the pairs within a petri dish (matched pair t-test - T = 4.91, p = 0.0004, n = 13; Fig. 9).
Ovary development of the reproductively dominant bees isolated from the nest was significantly 
greater than ovary development of age-matched workers returned to the nest (anova – F = 
5.31, p = 0.01, n = 33; Tukey post-hoc: cage dominants vs nest workers – p < 0.05; Fig. 10).
Our measures of ovary development confirm that 
our experimental design successfully created 
three groups of bees that differ in reproductive 
and social status.
We will now process the extracted venom 
samples of these bees with HPLC and 
proteomics analyses (MS/MS) to determine how 
venom composition varies with reproductive and 
social conditions.
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Figure 10: Ovary development among treatment groups. within a petri dish was
divergent. Among all bees, the reproductively dominant bee in petri dishes had longer
average terminal oocytes than age-matched workers from the nest (anova – F = 5.31, p
= 0.01, n = 33; Tukey post-hoc: cage dominants vs nest workers – p < 0.05). Letters
signify statistically significant differences.
Figure 9: Ovary development among workers isolated from the nest. Bee 1 is the bee
with larger ovaries and Bee 2 is the bee with smaller ovaries within each dish. The
average length of the terminal oocytes in Bee 1 was consistently larger than in Bee 2
(matched-pair t-test - T = 4.91, p = 0.0004, n = 13).
Figure 1: Bumble bee colony.
Figure 3: Non-reproductive, isolated from the nest.
Figure 6: Venom sac and gland.Figure 2: Unique paint marking the newly emerged set.
Figure 7: Developed ovaries from isolated group.
Figure 8: Undeveloped ovaries from isolated group.
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